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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an abrasion-resistant iron-based sintered sliding 
material which is superior in seizure resistance and abrasion resistance and is sintered into a 
high density by a powder-sintering method, to provide an abrasion-resitant iron-based sintered 
sliding composite member which has the abrasion-resitant iron-based sintered sliding material 
jointed onto a back metal by sintering, and to provide a manufacturing method therefor. 
SOLUTION: This sliding material has a structure in which Cr7C3-type and/or M6C~type 
carbides with an average grain size of at least 5 |im are dispersively precipitated so as to share 
20 to 50 vol.% in an iron-based martensite parent phase that acquires a hardness HRC of 50 or 
higher even by tempering treatment below 600° C. 
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[ * hf ft * <d m m ] 

[ft 1 ] 

6 0 OtiffflllLftliaottiSSiiHRC 5 0£l±i45ftSv;l/f yf^ b -& 
ilMtW & 2 o~5 o #m% «S ffl T* W m ^ ifc $ *fc £ t £4#® t -TS itjVKJKf&fllbtttt 

o 

2 ] 

Hfjis^^^/u^vi^-r h « ft * *3 v> r tt , 1 0-6 0 t-^ft>f h £ SI 

3 ] 

'P K < k h J%m ; 0 . 2 — 0 . 8ii°/o, S i ; 0 . 05 — 1. 7 fi 4 % s C r ; 3 . 5 

-7. Oli%S:^ai*iL, Mo ; O, 4 - 2 . Ofi*%*5«fctfV;0. 2-0. 7 

a4%0^-r^^^-^rt,L<^M^^^Wi-5^^t>t-> Sfefc, Mn, Ni, P, W, 

Co, C u , A 1 ©^^SJUD-aHiSr^BKJStTttL, » 9 #SIF e ^ b ft 8 
t ;Ut V >f h *g ^ , C r 7 C 3 lKft«tt» 2 5-4 0flc8(%(D«fiH-Cffi : ffl^«C** 

S » * * i l-E«oiiH*«j!S«ffl»tt«-o 

4 ] 

*J>ft<ifcjKSf;0. 2-0. 811%, Si;0. 05-1. 7 fi * % v C r ; 2 . 0 

— 4. 5ll%4r*i53lli I, Mo ; 1. 0 — 4. 0lt%*3 itfV ; 0. 2 — 0. 7 

fifi%^v>-f^^ — *1>U<ttW*S:**ri-ai:itlc, S , Mn, Ni, P, w, 
Co, Cu, A \ <D&&7tm <D — WK-bS: i^S^lCCT * U > gy^gF e^tiS 
-r >- iJ- htS^fC, C r 7 C 3 M «3 *fc S: 2 5-4 0#«%<D«&fflT-WttJ#tfe$-£: 

5 iff * « i ^ mm <d m mmmfa m m u n <> 

l Iff * * 5 ] 

4>ft<£t>j^3Sf;0. 2 — 0. 8 fi * % x S i ; 1 . 7 — 3. 0 S * % , Cr;2. 0 — 
4. 5ll%S:^aS#t L, Mo ; 0. 4 — 3. 2 1 i % J: t/ V ; 0 . 1—0. 35 

mm%<D\,^ftfr-^h\^<temjj&*&^-rz)bkh\z.^ s e>c, Mn, Ni, p, w, 

Co, Cu, A 1 w^4S*©-aH±Sr£,Si:jSi:t*tL, »D ^SIIF e *»6ft5 
^ jv^t >v 4 bffi^i-^ c r 7 c 3 §! £Hb 4fc *fc £: 2 5-4 o»a%©«l-c«fffl»t*-fr 

5 Iff * « 1 ^!E«OTiB»#6«»«»«-3N-o 
6 ] 

^ft<ttjgJ*;0. 2 — 0. 8 fi » % x Si;0. 05—1. 7 fi 4 % , . C r ; 4 . 5 

— 7. 0lt%S:^a5c*fc Mo ; 0. 3—2. Of t%*5«t^V ; 0. 2—0. 7 

m&%<D\,^*ifr — fthis<&mjj*:^^-rz>kbh\z^ £*>[c, Mn, Ni, p, w, 

Co, Cu, A l 0*45c*©-«£Jl±«:iKSfcJSi:t*lfl/, »9*IHtF e d» 6> ft 5 

^^ryf^f h ffi * fc, C r 7 C 3 S « Yfc « *fc «: 1 5-3 5 ft»%*3 J: yM 6 CiKftft 

0-2 5fti%ffffl»f »«ft»i*2 5^4 5#«%©«Bt, * » « ft 

o 

7 ] 

/> ft < 4: fc )Mm ; 0 . 2—0. 8 fi * % , Si;0. 05-1. 7 fi :■; % , C r ; 2 . 0 

-4. 5li%Srifc8li*i: Mo ; 1 . 0-3. 6li%fcii;v ; 0. 2-0. 7 

afi%(Dv^-f^^^^-^tb<^i^M^^^^^i-^^^t^c x ££>m n Mn, Ni, p, w, 

Co, Cu, A \ (D&&7um <D — aJK±4ri6frSfcl£Cr**L, » D sflS * K F e b ft 5 

^/u^^i^^ hte^tc, c r 7 c 3 mm.itm%L* i 5-3 o^^%^j;i/m 6 cm.rn.itm 

^rl0-2 5ft:«%tffm^m^it, gjftft 2 5 - 5 0 (D«5| T\ Cr 7 C 3 

[Iff 8 ] 

'> ft < £ fc #c m ; 0 . 2-0. 8 fi * % , S i ; 1 . 7-4. 511%, Cr;2. 0 - 

4. 5lt°/o?r^i7ciH, Mo ; 0. 4 — 3. 2il%^J;i;v ; 0. 1—0. 35 
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If %©V^f H^- JtL<liS*^^tt5iHt, £ <b , M n , Ni, P , W , 

Co, Cu, A 1 0^4SH»- «W±£ri&g^f£CT-£^L,^»5riSH«FeA>b&' 5 
-r ;W ^ V * W h ffif , Cr 7 C 3 S JK it m tt *r 1 5-3 OflE«%*S.fct*M a C Hi « \t ft 
£l0~2 5tfs«%#ftti:#i!t£-ti:, ^Kft»ii!2 5~5 0#:i%©ilf, Cr 7 C 3 

9 ] 

'>4< t tK* ; 0. 2~0. 811%, Si;0. 0 5 ~ 1 . 7 fi * % , Cr;4. 5 
~ 7 . Oli'UiiilH, Mo ; O. 3 - 2 . Oli%tiJ;U!V ; 0. 2~0. 7 
* * % o v> -f ft a=> — *U<ttfi*lr§ft5iitl:, J f>t> Mn, Ni, P, W, 
Co, Cu, A 1 O^&jcSW- aet-fcSri&SmjECT-g-^rL, SHS^f F ei>?>45 
A- x V * f h ffi f C , Cr 7 C s SSft*««:2 Offa%£lT*itfM, C ® K » S: 
15~3 0^«%WttJ^»$-*, ISftfeii!2 5~5 0fl:S%l!)|lt, M 6 Clgft 

[ » * * 1 0 ] 

HKI ; 0. 2~0. 8*4%, Si;0. 0 5 ~ 1 . 7**%, Cr;2. 0 
— 4 . 5 t L, Mo ; 1 . 5~4. 0fi»%*5j;t>*V;0. 2 — 0 . 7 

S4%coi^i*ft;4> — ;£^L<l2i^;fr£^^1-S,ti:<M-, ^ t> Mn, Ni, P, W, 

co, cu, Ai%>(D&&Km(D-mu±tf&wtzfczx^#£i%,my&m:'M:Fefrti 

5 -r A. 7- > * MS f , Cr 7 C 3 ffi«ffctttt«r2 0flcSf%JUT*s.fcTJ<M 6 C S 04 fl; 
fe* 1 5 ~ 3 0 g^ftfeti!2 5~5 OftS%©|5it?, M 6 CM 

#Ht: ft & ± # t Ltwffi^t5:^*5ff*:«i ^CttOftJetttttirJIttH-ft. 

I W aft 351 1 1 ] 

*4< itft* ; 0. 2 — 0 . 8**%, Si;l. 7~4. 5 ft * % , Cr;2. 0 — 
4. 5ftfi%£j&^5cs!ti:L,Mo;l~2. 5 ft :■: % & J; t>* V ; 0 . 2 — 0. 3 5ft* 
% <£> V -fft £» — J t L< liSJt^f f5 t t tC, Mn, Ni, P, W, Co 

, Cu, A 1 O^^iiro-iyi^^IliftCT^tL, S!) SilfF e^f)45-7/v 
TVt-i MB t£ m x Cr j C 3 SSfttie-S; 2 0 ftS%ftTfc- iVMj CiKft«l 5 

~ 3 o #t%iftti»t ftKftfei^ 2 5-5 ofrt %©«gffit-, m 6 cmfrntm & 
[it mm i 2 ] 

W?EMoaSJn*<OjeHlc*3V>T, Mow — |f|3?rW-C-g#t^x.-5rt4r#ii5;ti-5ff*il3 

~ i i<ov-fix*>»ciatt<oi8*«ttiB»iliWW. 

Iff ** 1 3 ] 

M IE S i £ 0 . 2-3. 0lt%Srttt5v/i,ryt-i' hffittfc^t, S i CD — g|$ & 
0. 2-1. 5ti%AlX•Stftt5ii:^#^ttt5ll*II3~l2rov^f^^,^iM;E 

in ** i 4 i 

0. 3-4. 0lf%©N i«!*i?SJ!»^iit^5ii:Srfti:t5ft*«l 3ClE«ro 
[ I* * Jg 1 5 ] 

C o «5 2 ~ 1 2fiS:%#^r^nTV^-5^i:Sr#1»i:i-5»*«3~l 4 tf> ^ -f ft *> IE «t 
[If** 1 6 ] 

Mn;0. 3 — 2. 0 ft ft % , P;0. 1 — 1. 0 ft ft % , B;0. 05 — 0. 2ll»/. 

«**!■■&#**. 

[If *« 1 7 ] 

t-r^ff**3~ i e oi^-rftd't^iBttottJVttttttJifttttt. 

[ft** 1 8 ] 
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BUlE-7^7 i >-*-< Mf * tc *5 ^ T , Cu^i~2 5lt%ttJ^TV^:i*#f it 
3ft**3~l 7WV>i*iX*»lClE*©B«ft«»»ill»W 0 
[ft** 1 9 ] 

m ie ft * * 1 - i 8rov^rn*M^iatt©ii»«««ii*a»wwt«**A«B*f»c«)ess-&L 

■C4»ifc*rW«4:i-6»«l*6*»fi»*'d-«|J#. 
[ft* 4 2 0 ] 

*ft< HK* ; 1. 0~3. 711%, Cr;3. 5 ~ 1 8 Ii%^ttt5 «f 
[ft** 2 1 ] 

Fl ffi&XB^ffi ft <nM Witt nv> ±. TBro v>i"fta» — i: , -trort Jlffi^ 

li^f^ft#?LSrR»tfcr t fir»*i-r5»*qi l 9 S fc tt 2 0 ice«taK*t§jKtiFj||b*[ 
[ ft * * 2 2 ] 

[ft** 2 3 ] 

> ? — /Kiigffl^tL5ri^#?^ir-r5tf**l 9-2 2 <£> -f ^ fE <D » * l€ £S 

*g }s n 1* ^ as «■ . 

[ft * * 2 4 ] 

m®mw<ottmmmi&n\zf&m z n z * 7 * h v v is ^ izmm & ft z z t & <&m t ^ zn 
[it** 2 5 1 

m t -r 5 is * * 1 9-2 2 <D^-rft^\z^.m<ommnm^mmm.^nu. 

[ ft * * 2 6 ] 

m ie is * * 1 9-2 scD^^frfatzmmnmmnm&mmm&nwvm&jjmx-h^x, 
ieffl?i^t*iti:sLt2. 5 ~ 5 * * % <o & m % m m m & m %a l tc & k , e 0 - 1 

5 0 ^ (ZHI. S T* 3)D j?& *I L & # ib , 2mmWT('it*£tLfcJliiSf^JPJE^lO. 4-3. 5 t 
o n / c m 2 T'*«Wt-7°U-^.^^b, AX^X#igtL<liX^flit>f'X'l 1 O 0 

~l 2 5 0 tf«il&gliff irl^g^Lfct- !fr9Ltl!6Aix«!iit5Ct*Kfitt 

5 »se^^*ss mm^^u<^mm^mo 40 

[ft** 2 7 ] 

tt # * & # ?L * IS x mta g^tsi*S2 6ice«toM*«jKifrflin«i-d-A#09S3ftj!r 

[ft** 2 8 ] 

m i~ m m -r z it & ^ <j> & < 1 1 — ffi0fw±w^^fe#si*3«tt^/*fcii^^&#?L*ta: 

it, *£if£Kl^£:i«5£>/ci t £#tf5ci:1-5tt**2 6 (iEtt^W^ft^ifSmi&^-^SPWw 50 
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[ » w <d m m ft k m ] 

[ 0 0 0 1 ] 

*6 tf> K it , *bicfi»«»*(Offift*H5fc*^«UV^ r <£> It « 

SJ:&i««:teftW*ttttjefflHi*^ 10 
[ 0 0 0 2 ] 

B&Jt-t-5t>©T?*>5fcftm % li&*tt^«tLSi:fct>^, *j§ Jf ft C r 7 C 3 £Ht^£3 0{£ 
«»KiC*tl:4lliSf5: il:J;oTtoi(tt*lt*il»6ttti|l|lfci«!«4* 

tffifl J tit l/^ 0 

[ 0 0 0 3 ] 

S * f^*«^yV3.<o*iB^7^hl7s/"->^oj:5fc, J; 9 H ® i£ , {£3§<o^y-*p 20 

-^-^^^^-^^^(^^-x^b, ^ si pfl pi s: ® tf -r » {- , m ^L\-£mmmwt(D {^mm 
a s «u ^ *j x , f^*«^y^a^a»fflfc*abfc-grtt^!/s/3.s:fflv^, * ^> nb e ihs ^ 

«ftfci@Hig£t:3— ^^SrJfcLfc:*^* h y ^ v ffl 5 ^ t a* — ffi tc *s v> x H ft 

[ 0 0 0 4 ] 

ft *3 , #«*Wl-Mil1-33fcfTft«£LT, ^/v^Vi^-f httffi0KRL*fb&&ttt*r3i 
f Wi:S^^^^7ci(DiJ0fe^i LTfj:, *a«A^4fe«lfcftS, 3# H 2 0 0 2 - 1 3 30 
5 2 7 4 *fii(;*i 2 0 0 2 - 2 4 0 9 6 7**JdBB**tL5t©* s fc5 0 
[ 0 0 0 5 ] 

[ * W a* # * L J; 5 ir i" 6 11 JH ] 

L a> L ft a* b , 9!fit(OTfiio-77ytyf ©Sd»H»t57o-7^ ^ ^ v' — /v 
\C *3 V> T , * G> a « K *3 ^ T ± » * -e (o m S t) 51 Hi J; o T ffl ft ± » tt ^- *S — A> ffi 
fcJtALft3»b»*§*SiitT-*-*i4:tlc, *»t 8i}»« K i o tt tfiJIS 
ixt^5t)Wt**>5fci?)i:, S«)Tili^#^KL<, 7 p - r >f y ^ v^-/uS:iia*iitf 
lotyFff ( if u ft *t A ) /6 s ffi < ft 5 £ t <d m M ffi ** ^ t K * fc ft # , S 
» * « as » it U , *8lix*:gi*firi-i:V^5IH«jfttf**. 

[ 0 0 0 6 ] 40 

S fe , i£¥w^^K-**o«K:««lc:i3VNTtt, X V m 38 jfe fr t ± 6 ft SSI 3& * fa _h 

as ■ h * n , 7o-^^^^5/-/poi*3*iatefktej:oTfcw*©*ft*, jiwh, s # 

[ 0 0 0 7 ] 

S fc * T«E»P-77y t y^^f i^ft <t5^^ h ffij ffi a? s a $ , S # IS * *§ ft 
««»Ttt + »ft»*»ettt»fcftv^fcv^5MHj«as**. 

[ 0 0 0 8 ] 

$ b , WISf^H^W5lR5^fflV^5^lt^7^ h !7 y |C *3 I'* T Mt , SAtSiSCJ: 
5**ii*l:±ot««t5: i: as W H t ft o T v> S . 
[ 0 0 0 9 ] 50 
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4 fc , WIS^n-^-r^^v-/v^^7^ h!7yV*<BBj*W*tti:B«*§tt*:fRj±S-fr 
5ffftHtftMim (SKDtffi) ^ iS S $3 ( S K H U «■ ) ^W^SHri^affl 

# * u It b# o «■ » » t « « jn x » t *s ft m 4 0 iB «f s t ^ 5rai*^&5o 

[0010] 

*&m&, r © J: 5 ft IB«*fc«*T 4 S Jxfc 1j © -C, «fc fc: J: o T BSStt * tt 

B*Ktt fc«JxfcK«*te*J* £ ftfcB**6ft3llttttntt#ttfcftflt Sfete, ^ tf> 

oT, ^&tt&<D?F&fe£&mm + Z& J&mmto&X1t£l&m 10 

[0011] 

IJKIiSc r»fttS£^6 7P-r>f F e - c- c rttiHttefts 

*ffUl/£ ( ft m S m 3 . 4 fi * % ) ffi <7) *1 £ f# , Cr v C 3 Kft»tffl*H"C ( 
o y K)R, ft : 2 - 3 tt m ) ftfflbfci, ftftftoy Ktt (S : »0. 3 M m ) CD C r 7 

c 3 t * ^ >r us v^n'<k\^-* j h tB ) ^6ft5*ia«i»fiiiL, 

o»9*Hi¥ffl:Dy K«©Cr 7 c 3 ft ft; tt # IB M 7D-r-f y^^-;i/»iS 
JrTfrCC r 7 C 3 (0 0. l)#eftL^^<fcSfc»»::*fB»ffi<Bj3 20 

lf»l:B4t51fAiaota»i*fiSftfe ( c r 7 c 3 ) ^ # A $ n , r to 

W # » ^ JE ft 5 K * t m to £ (E it f £ t ^ 5 * SC ft m JH fc 5 . 

[0012] 

4 fc , SKD1, S K D 2 , SKD1 l*©it«**!Cr J5I 1^*3 t UK -fr 

A*H**«5B*:ft<kft (c r 7 c 3 M) t m m ft C r 7 C 3 lj^fki^W;l,f>t^ h -a 

2 o flc m % £ m k. 5 r fc 3&sftv^fc»*cimsaii»»^#ttteJ:t/ii»J»«*tlc 

M m & h 9 , £ h \Z. „ i;^^S4SKH2, SKH10, SKH54, SKH5 7§W 
t(-«ftH^t^^tV^S^ % ^ (D m ft ft tt * ti* 1 5#«%ffl;tft^ri:f*mfEi*ft*ii5C 30 
[0013] 

r co J: 5 ft M m & Id ft ^ , »i»!S"Ctt, ffijfSSKD, SKHX*ffl£7)J:5ft6 0 0 o C4 
tcoHILiaottHRC 5 0K±©a*^itiJti5"7^Tyf >f h te: N /> ft 

< t h , SJSftltStt^Cr 7 C 3 ffl*3J:t//*fcttM fl Cm (Fe 3 Mo 3 C , Fe 
3 W 3 C , Fe 3 (Mo, W) 3 C) ft fl: Cr 7 C 3 Sft^4b^SHS^ 

ilEHIffil:#Lt7y^Al:EiSji5 i IT, C r 7 C 3 ftftttco$t*i£rig«1- 
5fci tic, SbK, M 6 C^ft*&t)^*fc»Sft«^tt^2 0-5 0»a%^*i 
t? # SB*«ttlc:«ix«:K«*i«;c r K M o ffi/#ftB»«tt^««Sfflim^£llflSI L fc 0 

[0014] 40 
#«£"£5ftfttti:LT. MCiSftfttt&SL^trot fcS^S, MClRft»^#<^ 
tfc £ it £ 4§ ^ (C f3 , W , V, Ti, Nb, Z r ^ft^ B to 

«»»»#W<o««Ftta*jB< ft £ co ~e . *38?a-e(j:MClKft«i(0«fffl»t^fiix.5 i 5 
l:tt, 5 fls « % T -C fc tb « A ^ fc fc L fc o 

[0015] 

4 fc , flu IE ft ft tt f* , ^8Sl:C r 7 C 3 iKft*«r**t5iliKIIF e-C r#Ai» 
^^mmm^M 6 Ci«ft»fc4*t5li»SlfFe-Mo^4*»*Ht 8s JP 1" * i 4: 
d« IB -C * 5 A* , *»fttt#S*5K*rtdiCrl3j:ff/*fcH:Mo*»RlSLt, 
^^rvt^ h*«i¥lllfcMol!ft»t«f|li»»jt5*jSis, ffll x. tf m 6 c ft ft 
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[0016] 

£ ^ N ^ <D C r 7 C 3 Iftftft(0#»Htli, *<B:fc££aSlW^<Oflgi8iCr 7 C 3 M 

-8 ^m©jRSt*t LtV^fir i^b, ^ <D ^ #J & @ 5 /i m«± t fc 5 : J; *9 ff £ 

L < , *©ft*:ft«ft**:« i a»***5fc*fc, *: ^ (8 ofti%J^±) ^ C r 7 C 3 

ft C r 7 C 3 i«ft«i:l*h5J:5i:, (SftKlfllltfibf *ft««oc r 7 C 3 M^ 

[0017] 10 

* fc § , ft«ftftii:20ft:a%Kiilfc(Dll, a*©4S-««Yb»«:WW»»S-ti: 
fc ffi » ft X * m ( f !l X. li S K D 1 , SKD2) t t Sftfti^ 2 0 »i°/o «i 
5 w b » ft < , ^tihcDJLMcmt 9 t> <fc 9»*«tefc»*{*&ttSrBfc#1-S£ 4: fo * » 
fc t> ^ fo 8 , J: 5ff* L< tt2 5*f %«±"Cfc8iiBB6^-e*S, * , J* ft 
« 5 0#«%*»K»IKLfc©i4, «ft»©»«W3i«YkfcJ:8lftaftfcWJh-t-*fc 
ft T* 2> >9 , ff* L< Httftft*iSr4 5 #«%filT 1 1 5 i * S * L ^ r i: li W 

[0018] 

m is k m ft x ^ » as ^ t « , «Ati)Rffin*3v>t ttf L«#i©a.st-^ft-f h 

ffi#«*Sh"C«AiiiIS«:fiT**5*, ^SS^^^tfi^;* h fc It, # « <D iiE I* iif ft 20 
I^aiSr^AnflK Srf x.tlA^Lfcttffi-CO)»St-^ft-f h ffi fi ( # Sf % ) <!: ^ 

, hrc 5 o©«s*»«Shi^B«*«4U^t< ftari^b^ofc, : o : i ^ 
b , * % W ^ *5 ^ T H: , ast-^rt^ Ffti«r6 0fta%«7l:H]iKi^i|L 
tf) (3: K t> "C fo 19 , Sl©^-*^^^ h««r«!x.5fcftfc, 1 1 0 OtKi^llSlS 
g£ A ft T , 9 o o°c- l l o 0t©KSAiia*fcft9Lfc»t«Aixait5r 
^ctl/, I^&iAffl^ilL^I^J: 3C 2 5 0 - 6 0 o°c^«IL^I^ffil, 28 g 

a- - * ^*^»i-5ttt^-^^JK^t^*4F^al*^si^ov^rn^ — *tu<« 

[0019] 30 

^^ttsafij^-^^^-r htif^^ryf^ yf ^ Hits: 

bhtv^^^, mlfS^^-x^ h is T , g£ A ft #c Si 6 ofls^%^_h^^g^-- 

* -r "7* -Y hffl*^/£Lfc»^^:m^Ttt»|y*— h <k 9 ^ 5£ ffc £ ft £ ft # 
^C^O-r/ufyf^ h as f§ *s £ ff -fr -f , B*#6tt36«»<ftSri:iS J PWSixfc. 

[ 0 0 2 0 ] 

* fc , 7p-^^ y^5/-/utifflts»*es^ttt, ^©^--^x-^^ h fa ft tt s 

0*tttt<fcjW**fc:«Ybi-<5i:fcfcfc:, t ^ > * h & M <t o T 0 — jv m <o III Sfe 
^tt^Sf t^r ^:J;or, tDttttaft£Rfttt*tt*stt#£ft % * * « o> 5. * f* 40 

T , m*©W»«fc*«»a»»W^^/^y^*>f h*tB4>»C*3V>-Ctt, 1 0 ~ 6 0 ^ 
%©»«t-^ft>C hft«r»SSii:5 r i t Lfc, ft *5 , i 9 i L< It 2 0 - 6 o# 

« % -e fo 5 o 

[ 0 0 2 1 ] 

£ , at t-^ft-f httttMn, n i wittfaotiii^^ft^ti, 

Sji5«t 5luft5is, Mnf^j^JSttSrRaSL^i-^Tti^-efeSfcftlc, ^ © ffi *P * tt 2 ft 
1%J^T^1S tt^< r 4riS»»-&T?fcO, N i M: tfHfc » J; 5 ti^/^^v^^ h ^ <f 
IH * & «B L , Al ^*ffiaoTv^T>t^ HB:tl©5Jl*8tt*:i«5»50-ca«W 
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[ 0 0 2 2 ] 

yn-^^^v-A' (m 5 mm) 'fc©ia«tt:ii#i o o - 1 5 o *c ^ * -c # a 

• s * ^> ffl » ® li 5 o o~6 o oX:<DMU&Km£tiT^^%^ttf&g,lcmi&£tiZ>o 
jx fc » -fr ic i* , «tr ie a « ft ft tt ^ ^ w tu # « s n t ^ x t * 

*Stl:Jt'>t5:ittHy^fc5, U fc *s o T , * 35 *3 T 14 * t jv t > * h 

StBO^MbftftffitftttSrmiESKD^X^fflilfe*., L < II t ilH± C K ft 5 fc » C , 

'> ft < it 6 0 OtWffilliaott^^TVt^ hStKDJl ^^HR C 5 0 _L }C jf& 10 

h © ft * K. 2 0-5 0#a%oWEKft*Sr«fli|»|[**5r Lfc c 
[ 0 0 2 3 ] 

ITIt *aiA^t! 2 0 0 2-2409 6 7 f *3it5WS 2 0 0 2-1 3 5 2 74-^ 
l-*5V>TBI^LTV^o i" ft t> % x Pit : 0. 25 — 0. 5 5lt°/ot, C r £: 3 . 5 — 
5. 5**%«±l::*^£*S«#»fc:*3^TI4, (ftRLttftttjKffKx^^7c»Ol 

8SKUftfl:JStflt«=3X (Si+Al) tl%+2. 8XCrtl% 

20 

+ hxmoii%+25. 7xvmm% 

+ 7. 5 XWtl% 

i i T* , ^IML^-fbSfet-^^Cli^-a-^TC^ 1 fi » % ^ 19 (Da 5/^ ^ai/WSE^OTiSfi^^^- 
( 1 0 0 0 °C ; 2 . 1 S * % , 1 1001; 3. 0*4%, 1 1 5 0 °C ; 4 » * % ) t & 

t) , ^tLW-h»M o <o samite ft Jgjfcicittfrti,, 8£M L*cfl:»lfttt©tt»fc:** bft v> 

o 

[ 0 0 2 4 ] 

ft *3 , &¥6W<D £ 1 lzm&W.§tft 1 1 0 0-1 2 5 0 ttlSS^ tl, ^tl^iV^tftAn 30 

Sfc (D <fc 0 K 4 . 5ll%Ki(DC r S:Sint5:tl:J:ot, *<D*r3»«s*D*f4 2. 0* 
4 % i: ft £ fc ft , M o as JP ft f4 jv *r > * h*ft|:S^t 2. 0 S ft % £: x ft X 

«IBW*5±tfft«fWfc*-Sft"e*>5^fc*si3 36»6. r <£> » ^ [c 14 » « 
- ;* ^ h3»s**«2:j|g«SjxSfcft»::. « A ix *t « *3 v> r + » a ft S n ft v^r *s 

^ i^a* , m»coK-&Ax*ai^aiffls*LS4 5 0-6 0 otwjsitfiit iot i 8« 

[ 0 0 2 5 ] 

JKffiX^ae^--^^-^^ h ffi * # Ml *J S ft « # * ^(^Mof aiiDi^iAtiMSCL 40 
fctfoT*'>t5:iliWb^t*5o W x. tf 1 0 0 0 °C £r fe£ A ft ft St t i" 5 • # fc: f4 % 
^/^Vf-f hft«l:i8ltSMoOt»»aitt**2. 1 S ft % T* , 3 . 5 fi ft % _h 

<a c r t <d * # K i o r , * <D#3&mm&& l . o 5lHil:45:ii4S6i^k!), 
A" -r V If- hftBiUT«Kl*ftSatt#» 1" 5 : i tJSy^fci. 

[ 0 0 2 6 ] 

£ II # US 2 0 0 2-2 4 0 9 6 7 *j8±y*l 2 0 0 2-1 3 5 2 7 4 ^ti^ ItV^^ 

ii 0 "C * 5 a* , 1 1 0 0 tEJt±©IISlSt^^;vfyt>f li't'oSf ilS^ o . 7 

4. 5li%C r »±tMo ^iiDiS: l/2Hjg{f 5 
> S i ©ftlLtftfititffS^Sf 5^1*/TL, S fe , 7. Oli%C r Hl-CC r 50 
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©•❖iWttSSAixlft Sr 9 5 0 - 1 0 0 Ottt5i^Ni> 3. 5 S * % C r J£X _h 
■CMo©taSJoiS:i/2l!:»f 5, S i (^KI Lftft » ® f ^ f^ffl ^ ^ t ^ 

£ W 6> T* fo 5 o 
[ 0 0 2 7 ] 

£ b I- , ffjIE-^/^^^i^-r httl^ilLKftgSittiSritlf CilftS Vli, <£> M 

utt-fkaatt^*aft^f^ffii-***isip*^ 1 i o o - 1 2 5 0 °c <nm& & mm-r z 

SB & ^ r tt v (D ^ >v 7- is 4 h«ta^©H***so. 71i%a±-Cfc5r t^b ( w 

H 2 0 0 2 - 2 4 0 9 6 7 f*3 J:r;#K 2 0 0 2 - 1 3 5 2 7 4 # fig ; 8AllIl9 5 

0 °C ; 0 . 4 fi » % , 1 0 0 0 °C ; 0 . 5 fi » % ^ 1 1 0 0 °C ; 0 . 7 fi * % & Jt ^ 10 
#5) , V©7^ryt>f h^ftl-^ttS^^EsJniSrO. 7li%i:t« i isPtt 4 

[ 0 0 2 8 ] 

*S:¥«i"Sf^fflSr*i-ri:, *3 <fc t>\ S i 11%^ l / 2 i^^M o iiiPl ( fi 
*%) «:»f 5r t^b, S i ©*HDlSr%ltt5^Stf i^H^sntV^. 
[ 0 0 2 9 ] 

«±^»*«:»»^5#«lA«tO^U7 i :<'iJ*>f FSfi^^C r # 3 . 5 lt% & JiT'fc 

9, SCr^B4tt}:«tb5:^#ttr, 20 

»3?SWi: LTIi, v^ryf>{ FtffllW^s i : 0. 0 5—1. 7*4%, Cr : 3 
. 5-7. 0li%©«l"elltSh, Mo : 0. 4-2. 0 fi * % *3 J; / * fc I* V : 
0. 2 — 0. 7 I i % t L , $ , M n , W, N i , Co, Cu, Al^(D-gy±^ 

^^^flrltSa Lt, t (D ^? JV> ^ 1/ ^~ ^ h ft (C 2 5 — 4 0 ® % CD C r 7 C 3 S 
Mft*tt»ffffidftS«fctt*Kft»ftttfll«»frR«Lfc. ±5#*L<ttS i : 0 
. 0 5-1. 01i%l^»i, ftILftftffiftttti««S)5Mo*3j:t;/4fcliVS:tftf 
n M o : 1 . 0 — 2. 0m4%, V : 0 . 4 5 — 0. 7 Ii%©«lfci8t S ^ t 

[ 0 0 3 0 ] 

4*&ffSl»*t5Cr 7 CjlKftftiOBOCr, Si, Mo, V, W, Ni, Co 
, Cu, A 1 , Mn»0#i^A5c*©»E«»Sr«at5*ltfl©J: 5 tf ftiSLT 

J§ «■ o t& A S: I + L fc * , 

4> * < * fc , C : 2 . 5-3. 711%, S i : 0 . 05-1. 3 £ ft % , C r : 1 0 - 

1 8li%S:^IS*i IT, Mo : 0. 6-3. 5 ft % , V : 0 . 4-4. 0 fi ft % 
(B^-pih,** — *H<ttW*S:*lrt5iitt, £ b N Mn, Ni, W, Co, Cu 

, A 1 o-IKit«tt5S»«***»*»*f|»tll« Lfc», i5ffiL<(iSi 40 
: 0 . 05 — 0. 8 t i % , Mo : 1 . 5 — 3. 5 fi % , V : 1 . 5 — 4. Oii°/oi 
UfcB*ft«X«iSai»i|sfTfc« :ttt«E)^-Ci)5 0 <t«9^tt> VfiCr 7 C 3 ig 

[ 0 0 3 1 ] 

* fc , StatSffiSoiftllroil LSSSli, 3 0 0 - 4 0 0 lC#i5-e-lftftLfcac 

s mo^v, w§^7Ei(o{tfflicj; m 5 ot^itssft ( - a ft ) -r & ±§ ^ ^ — i& 

W T? 0 , 7o-f-f h!7s/i/tffli LT*lt5»*|:il, 3 0 0 50 
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-4 0 0 X: ifi » -C <D ft it * S * t if «> % 6 O 0tSt^!SIl8SJ^HRC 5 OJ^it* 

L ^ 36S , *©J:5ft«Blb*Dia*Sii!ffi&fc»»2:, 4 o otHT^fitililcfcMtSilL 
ttftStttttrlflcK»«fifffts i, Al«ri*Bl:a*(i)|:fllt5:i#jfftL^ 

o ^^l^iCfj:, fft^WC r IS^ 2 . 0-4. 5 fi ft % , S i £ 0 . 05 — 1. 71 

4%, M o £ l - 4 . Oli%|:ft5i 5l:lt, £ fe * fc tt , v £ 0 . 2 - o . 71 
i% S T-Sffi W I- ISJP t 5 r i 3&5 T # 5 3&S , * L < tt , S i : 0 . 8 - 1 . 7 fi ft % , 
Mo : 1-3. 6lt%it5:i#8*tt"CJb5:tM:Wb*-(?fc!l, :ft b <o 4§ -fr fc: 
fe^tt, W, N i , Co, C u , A 1 , Mn^^^^il^IiSUat, SI M L *Mfc 

k Lttt, -t^-r/U^Vtf-^ h * ffi * 2 0-4 0 ft 3* % <7) C r 7 C 3 ^^>fb4^&3r#fJ±J 

[ 0 0 3 2 ] 

ft *3 , S4«WH*JfniiSIL«{kS8ili6 0 Ott^jSIiaS ( H R C ) ^ 5 0£i± 
ft 5 & 55 

»Rl4Wbffia«2 1. 2^5. 8X (SI+A1) tlX+2. 8 

XCrIi%+llXMoll%+25. 7 
XVitS%+7. 5XWtI% 

20 

CJ:otft?^5:H5|S^^T*3^ SiTPlffi: 0. 8 S ft % , MoT PI ft: 1 
It%S:iBaiLfci#<D±aS:}((jJBS*5 c riftlift 2 11%-e* 13 , SKD4, SK 
D 5 <D © ffi C riaE#2lt%t?ib5:i*i*tttk4 5 & 5 k UftV^^^^^oV^Tfi 
, *48Wie:t5i"f5Cri«eias2. o - 4 . 5IiX*Iit5:iii8*ftftljS 

[ 0 0 3 3 ] 

lWK*3*WK:ibM*51»#«^ iE»4 

; >4<it, C: 2. 5-3. 711%, S i : 0 . 05-1. 3 fi ft % , Cr:8-1 
3. 5 ft % , M o : 2 . 0-6. 511%, V : 0 . 4 — 4. 0 Ii% ti^-J 30 

hls<&mJj$:^^fi-Z>kbh\Z, £ £> ^ , Mn, Ni, W, Co, Cu, A 1 (O-ifel 

isvt Z> s i * ft *s o . 8 - l . 7M*%-Cfc«fca&fctt, H * K ft 3* #5 ffl » W ¥4 to s 
iilittliO. 7—1. 3 11%, JS3J5fltRli:iS"eV: 1. 5-4. 

0It%tt5i 9 jf* LV^iliB6)^t?*5. 

[ 0 0 3 4 ] 

* fc S , ittjfHS iOjfeKLttftfi0iWttSr**iafc3pJfllU % Mo, Vco^ftgsinSr® 
tt 6 I W ^ , SiJlS-ate^CDS i : 1. 7 — 3. 011%, Mo : 1. 0 — 3. 1**% 
kb,/^oV:0. 1-0. 35lt%i:t6r^:^j:oTJ: Dl^r^^Bf Stt^ig 

'>4<it, C : 2 . 5-3. 7 fi ft % , S i : 1 . 3-2. 3 fi ft % , Cr:8-13 
. 5 11%, M o : 1 . 5 — 5 a ft % , V : 0 . 4 — 2. 0 Ii%C^f ft^-J H < 
ttW#*r**i-5i:fcfcfc, $ fe , Mn, Ni, W , Co, Cu, A 1 CO — fit Jb ^ ^ 

[ 0 0 3 5 ] 

ft is , Si, A 1 (DWito tin A 3 £tttlA * ^ J*M*« I- §1 # -h 5 ^ffl & i" 5 fc * 
, S3 It 5»»a^»^*»IMi-sri:iSMfe (AA3 = + 4 0°C/Si 

fi ft % , Mo : + 20 o C/Molt%, Al : + 7 0 t / A 1 11% , V : + 4 0°C/V 
11%. W: +1 2°C/Wli%, Mn:-3 0°C/Mnfift%, Ni : - 1 5 °C / N i 
fift%) o 50 
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[ 0 0 3 6 ] 

ffi IE m 3 JB W , US 4 % W , *5*Bi:l3V^ttt, ttCKHftC r 7 C 3 SKftft^7 

**«a*a5 4^sfc*#«i»-c*>o, c r 7 c 3 m <t m ± 5 t * <o m m » « a* ?s < , * it , 

ft4O0tK±<DillSfl!llC*5V^tilgSTfc5M 6 C (Fe 3 Mo 3 C, Fe 3 W 3 C 
, Fe 3 (Mo, W) 3 C) 0tft*trl 0-2 0#B%ffffl»|tS*, Cr 7 C 3 3! jBHb 

* o«-fr«:«iC*3JS6, *nC)W|*ftft»iS:2 5 - 4 5flsa%*»KL, <* b , ^ A* 

tfc«rBfc#i-Sfc<0i:Ufc. 10 

[ 0 0 3 7 ] 

'}> ft < k t> . C : 2 . 0 — 3. 6fiS%, S i : 0 . 2—1. 8**%, C r : 8 — 18 

a a % , mo : i. o-io. o mm% & i&mytm t l, . is«tt^iintst 

^l:*5V>tliV : 0. 7-3. 5li°/o^tttH^)i: It, Mn, Ni, W 

, Co, Cu, A 1 0-««±*r*lrt5»«««*«||Jlt*fttlrH*Ufc 0 
[ 0 0 3 8 ] 

ft *3 % ^iffi^ftSC r 7 C 3 ® Mfc 4£l £ M 6 Cffl«'ffc»^<DV(0»*fi 20 

m\% & ttgt-r z> t , m 6 c ^ v s ^ ^ 1 / 3 ^ ^ /h £ < N m 6 cm&ntm*: & < 

» » tt W » S V S Jn * # 4> ft < T ft tf <t 5 K ft 5 r 4: tt * l^: fc "T? & 5 © t? , 

VfrJ:5attW^*JPi"*rfcj6S#*L<,ffi|a*6»M»-a3V ,fc TttC:2. 0-3. 6 
a a % , S i : 0 . 05 — 1. 8 fi * % , S i : 0 . 05 — 1. 8 fi ft % , C r : 8 — 1 
8S»%, Mo : 3. 5-7. 5li%^^|^|H, /^o. ||«tt^lSSt« 

* *3 V> T tt V : 1. 5-3. 5lt%*^f t5 fcO t t5B««ft^igjfij)«S^ 

[ 0 0 3 9 ] 

* > # 7 « n © .» ^ *g « x as s n «■ © m. & k i, x n , 30 

4> ft < k t , C:2. 0—3. 6 * a % , Si:0. 05 — 1. 8 11%, Cr:3. 5 
- 1 1 & & % , Mo : 3. 0-18. 0ii%S:^f JcSfc L, o . igfitt?rlg{| 
i" a » * is l/> T tt V : 0 . 7-3. 5imt:*tt8tOiLfc#, Mn, 
Ni, W, Co, Cu, Al©— «Jtt±«r^*i-5»««lfc***»lli#»tJ||8bfc 0 
J; 9 3; L < [1 N ffiT IE C : 2. 0-3. 024%, Cr : 5 - 9 fi ft % , Mo :4. 5 - 
1 3 fi a % , V : 1 . 5-3. 5ii%Srttt5i«fift^i^|g»tt^ttS©^g 

v> r t it 93 b t? fe a c 

[ 0 0 4 0 ] 

'J? ft < £ t> , C:2. 0-3. 6 fi i % , S i : 1 . 7-3. 2 fi ft % , Cr:3. 5- 40 

1 1 fi a % , Mo : 1. 5-16. Olt%Sr*f j£*i o , iffttt^If It 

5 V ^ *3 V> X tt V : 0 . 7 — 2. 0lf%4r^ff5t)Wi:Lfe^ % jf M n , N 

i, w, co, cu, a i <D — uj&±*&*ir zmmftmx&ttmtott ft* n&\*it#* 

£ 9 # 3; L < (3 , SufEC: 2. 0 — 3. 0*4%, Cr : 5 — 9 ft % , Mo : 3. 0 — 

l 2. 5lt%«r*#t8B*«ft*«»iift»itS©»A^r ittMbjJ^*5. 

[ 0 0 4 1 ] 

ft *5 , «TE»3«M — JB8»Mte*3ftS«-fkfttt5SflBftCr 7 C 3 S!jSMb*«:±#fcL.fc 
fc v> X fc 5 , c r 7 c a fB«-fk4fco|IB;»tt«:fl£5fc»K:, » 9 38 W - JB l i^^^^vnt 
I* , 3 38 PJ3 — gS^P^ir^Cffl^^-ryl/ryf ^ h fli ffl * M M 6 CS^ftfe^ift^C 
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J: 9 * # Wfc tt , #fffl#mi-£Cr 7 C 3 ffl#<bft*:2 0fc«%£*Tfc»*., M 6 C5K 
[ 0 0 4 2 ] 

Si*, *9«Wl£j8ttamiE#ffifijatt, C : 0 . 5 fi I: % , S i :0. 05-1. 7 fi 
S % , Cr:4. 5 — 7. Oli%, Mo:l. 0 — 2. 0 fi S % , V : 0 . 2 — 0. 7 

s a % t l x , -t <d m m n « * *s » n *t «. © «§. ^ sr t + if l fc s& * , 

4> ft < £ t . C : 1 . 8 — 2. 6 fi fi % , Si:0. 06 — 2. 3lt°/o, C r : 6 — 1 
4 fi ft % , Mo : 3. 6-15. 5«*%*S^RTi!Wfc**SiX, 3&» o , f t « S: fi S 

»i-S4§*»::*^TM:V:0. 7-3. 0 11 % Sr * * t 8 t © t Ufc#, HC, Mn 10 

, n i , w, co, c u , a \ (D-m^±*^^i~ & mmnmmm&mw)ttn£m & L,ti 

o ± t) jf i L < tt , tulSCr : 7-12*4%, Mo : 3. 6-12. 5 fi ft % , V: 1 
. 5-4. 0fi*%£^3ri-£ Hffffft X *« A ^ © #4 -C fo 3 o 

[ 0 0 4 3 ] 

ft , * i o % pj ic 33 »t 5 m ie « m at « * c : o . 5 a a % , s i : 0 . 05-1. 7 

fi fi % , Cr:2. 0 — 4. 5li°/o*|, Mo:l. 5 — 4. 0 fi 4 % , V : 0 . 2 — 

o. 7ii°/oHt, *o»»«ft»*tt»i6*f»©«a**»j|ufc«*, 

'> ft < t fc > C : 1 . 8 — 2. 6 fi fi % , S i : 0 . 06 — 2. 3 11%, Cr:3. 5 
-8. 5 fi ft % , Mo : 5. 5-2 0 I i % ^ S W f ^ , j^o, Mi J* 14 £ fi 

gatSi^C^^tfiV : 0 . 7 — 3. 0lt%Srtlft5 t©^: L ^ , £ fC s M 20 
n, Ni, W, Co, Cu, A 1 ^ - i H ± 5r ^ 1 1 5 If^ft S iSS 1»S ^ i % L 
fc o Cr, Mo, V(Dg^tt^%lLX, Si : 1. 0-2. 3 fi * % , Cr : 3. 5 — 

7. 0 £ ft % , Mo : 8 ~ 1 7 fi ft % , V: 1. 5 — 3. 0 li% i f S : H^ff ^ IV> 

[ 0 0 4 4 ] 

SfeK, *1 U8WC»H"5lllE«lBfi«fi, C : 0. 5 fi ft % , S i : 1 . 7-3. 0 
fi ft % , Cr : 2. 0 — 4. 5li°/o*l, Mo : 1. 0 — 2. 5 fi ft % , V: 0. 2 — 

o. 3 5ii%i tt, * <Dmmnmmmfammttn<nmi&& «■* 

4> ft < i fc , C:l. 8 — 2. 4 fi ft % , Si:l. 8 — 3. 511%, Cr:3. 5 — 

8. 5fift%, Mo : 4. 0-1 7 1 1 % ^ ^ Rf3»fi ^ t * * H , J&» o , » fi ^ 30 

^^fcV^Tfl V : 0 . 7—1. 5SS%Sr-g-^ri"SttD^L.fc^ > ^ ^ m n 

, Ni, w, co, cu, a \ <D — n&±t:is* + zmmtt*itk»mmtottftt:Ma\*tz 

o Si, Cr, Mo, V O g #f t£ £ % it L T , Cr : 3. 5-7. 011%, Mo : 4 — 

14**%, V : 1 . 5 - 3 . oil%tt5:i*ff* L^:iii«t^-efc5. 

[ 0 0 4 5 ] 

ft *5 , Sir E m 3 % ^ - m l lSBtlsitSWOilBttV, Mo liJffcJSILftftgftttSr 

Mi ft 5 fc © tt ft # , Mo, C r*<0«6Rb*)Cfk«tt:ttAS 5 0 0 - 5 5 OtT't^f^ 

Sr^i-wtdStU-C.W, V* 6 0 0 tH±4T?*IL*ftgtttt*i|twi^?), k V t> 

tt , SKD2, SKD4, SKD5, SKD6 2*5<kt/iK3Sa[jH^^:#<^lJffl$i^TV^5^ 

, mj|E»J»fitt^!^^JgibW^&SJafii-§|g(7)^^M«^i i 0 0°C-1 2 5 0 ttfc9 40 

, WOj*RUttftffiK*fc**i-S*ab*JlB*36S 2 fi ft % ~C £ r £ £5 J; l>* M o fc *f 1" & 

R*©Crj3j:r;Si C|gf Sr#gL, v^?yf^ hftffi*©W(D±P8*lHIi$r 2. 0 

fi ft % L , ffilE2 0~4 5#«%<Dj«te«*Wa#1ft£^ 

*5 ^ T M o m 1)U ft CO 1 / 2 ( M o (O _h PS in fi 365 4 fi * % fo 5 , W^^(Dl/2t\ 
C r 7 C 3 *5 J: XI M 6 caKftft^(0»ffifi|fil^Mo i fi If R « fe 5 r fe ^ ) £ ± PS 
fc L T ffi SO i" 3 w fc 3&s » * L ^ ^ , £ b , **MtMiS^tt(DS^^bMo (OSJoite 

[ 0 0 4 6 ] 

* fc , # M 2 0 0 2-24 0 9 6 7 $S £ X$ m 2 0 0 2-1 3 5 2 7 4 t£ :fc5 T fc£ ^ 
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1 it S i £ISl£mtt(cM*fettKLttfc&ffitt«r«L* t V t> » . 3 0 Ot4t?©ttia 
ffl'J T* <0 « M L ©C ft & St BS b T tt , V, Si, Mo, C r f (7) tc i ^ ffi I L ft ft }£ 

ttte«fc0fc«*ftf£/ll*>i*i-ri:a>fc, mBJB3»W~JISi2*W©v^ftfc:l3V*Tfcfc 
SWfcSlBShSr t*ff* L<, v> ^ bfttil:*3V>Tlj:, S i © - £B & 0 . 2 

- 1 . 5li°/oAl tgJ»x.f)tlS:H5»H^ 1 o 

[ 0 0 4 7 ] 

£ & \z. y ffi|EffH 2 0 0 2 - 2 4 0 9 6 7 t8itf#i 2 0 0 2 - 1 3 5 2 7 4 fK*3V^ 
TW^^ti-ci^i^f-, KlEAl i N i is*# Lt^t Sft 5 r i C J: 9 , ^/u^vi^- 
htte(OliItt^if l^i^n^) r N i : 0 . 3-3. 5it%«W;Vfyf 

>f h«ffli:4t*ixa:i*jfS Lv>r ittB6^-efc5 0 10 
[ 0 0 4 8 ] 

S fc , *|E»3«S-*1 4»WI:ftlt5N i tt, Mn ^Hi^Sfj|SBeftt^fteS«] 
*l"»©j!ftAixtt*:*lflti-S5c*-ea)S* s , #112 0 0 2 - 2 4 0 9 6 7 **3 ±i;«i[2 0 

0 2-1 3 5 2 7 4*tcHls*SftT^aJ:5fc, v^fy tl^ 0 2 * * % 
_L tf) A 1 i 0. 3li°/oHJ:©N i ^ft#tS»^l:*5^t, t Btt »S S jl 5 r i 
<b > R ft J: 15 i: ^ if 5 IS L 4 N i , A 1 , S i 5 0 0 °CK±(Di|lt#Iffift 

H1lttfc*iJ^i-S«jR^6, -^yu^Vi^^ h ■» ft M *3 T 0 . 3 If %^±?rttt ^ I 
i: # # * L ^ # , Nitt«*fc»«*-;*y^>rhffi4:SfcjeftL, K AD L i- fc • & ft 
^TIiB»»ittS:I< t5- td»6), gfl IE « ffi Id *5 5 N i co ± Sp * £ 5 fi * % i: L 20 

, mmwimnm^m^fsmun t it « o . 3-4. 0 a a % ^ l ( as 1 4 « 93 ) 0 

[ 0 0 4 9 ] 

£ , C olivyUfyf^ bSffiO»ft$llS*If (ftl Ot/Ii%Co 

^A5c*o»HbttftffitftttSr««aEll8M«o±#dJ: 9 iSlft ffl fiS ft 5 fft 

St Ltf4«3 0t(D«ILi)tfk8Rtt©ittft*»bn5 3lt%H±t, * It N * 0) 
g^ttSr^Itt-r^fyf ^ h^ffl^^Co±PS^JP*Srl 5 Ii% t t S r i tfff i 
U < , ItjfS 2 5 - 4 0 ftf %*ffi^Rftft^ff W»t ^^SBSftft^ilS)! 
V^-Ctt2—12**%4r*Jni-5r4:i6S»*LV^ri:4:Ufc 0 30 
[ 0 0 5 0] 

ft *3 , C ott(|ll|El««ifciS«|(U*ft8tta#fp«K»t^ft< 1 #IS 2 0 0 2 —1 
3 5 2 7 5 » H * L fc J: 5 M , lit 5 A 1 ©*»te±oT£«roft-&»0*W«ftfls 

ffltitiif fc«ftt6ci^6, str e i 2 a * % ( jv r > * >r hftft-csi 5 a * % 

1 * 5 ) 4-c©aa»4c o*intf± lv^ taw fe^-efca. 

[ 0 0 5 1 ] 

tt«:*tti-5fc*<07C*-CS> 9 , J*MbftftffifetttK*{-(5i:^ir^^L^^^^7t;^T- 
AI S I^t&X^^Al 0 ft if CO «£ 5 . WcKffim-ai&m 2 . 0li%i:l^t) 
©tffcS w i: t , fff x h t iot 3lt%Mn©8Sflil: ±oT«Aix«ll'e#io» 40 
**-/;^t-f bSt4*t8:fc^b, mE*W^fev^TttiiB««tt5R«llefB»«■J|s^»^ 

**-T5ft*:8&JP*«:2. 0Sfi%i:L/c: ( g| i 6 38 91 ) 0 
[ 0 0 5 2 ] 

^b0. 1 ~ 1 . 0 a 4 % P , 0. 0 1 — 0. 2li%B(?)l/>f ^l^- * t L < (i * © W 

) c 

[ 0 0 5 3 ] 

Nb, Ti, Ca, Ta, Z r *©jBJPtt, ttlE*3«fl-»l 6*Wtl3^ta«»4 

$a * tt '> ft t % * e> n 5 a* % a* ©##t4t*n*^tj3^tttausr i*-c*f 50 
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Z kfrb * l li%^7l:^v^^t^nttSi/^wt Ifco 
[0 0 5 4 ] 

7n-f ^ y^^>-;Hr J: ^)SBff (HE) , BiiS^-Cttffli-SR^-vyUT 1 ^*^ h ^ *B 
©Bft#*ttSrl«±S*SrfcfcHt"aiilllttfc4 9ftv^s, ft 1 7 % BH *3 ^ T tt , A 
1 K *P I- <fc o T F e 3 A 1 jSfli]f@Sr«fi!cLfiv>-7;i/r h t@ t t S : J; o t If 

So«S^pjif fiiJ *B ft b fc x v -j- -f hi«i!6Ti*x*/u*-Wfe5fc 

fc. 

[ 0 0 5 5 ] 10 

± 0 * * W »C tt , *fflIA^#l 2 0 0 2 - 1 3 5 2 7 5 f t|/TLt^5 J: 5C, -t 0) 
V if >f h^^4 J ^Al^^fi^3fifi%J^Jit-^^T<tD^]^:^JT^<9, # 93 <E> 
J: 5 C r 7 c 3 fiRftft*3j;t;/SfcliM 6 cSRft*tf*il:«f|ilL, o , ^ <7) 
^fc 4^ ^ 15 <^ Ay @ L ft V ^ A 1 { i v ;U r y ii" >f h^^^^^^^^fctf)^, mj IE » « *& ft 
ZktitmmWittn k LtliA 1 ffi m * ^ i . 5ll%«J:t?a*»i:45-i:liSafe^-C& 
5 , A 1 WlRifiJPiliF e 3 A 1 t L< ttF e A 1 ftlSSrf filctS A 1 aSJBlCftS 
*JSWIuSV^TI4F e 3 A 1 j»BJ»*K*luffl t 5 1 5 fi S % k L , W J* *§ ft 

[ 0 0 5 6 ] 

£ M , # HI 2 0 0 2 - 1 3 5 2 7 5 *tJHSt8i5^ lefl-f^SStt^Sf t S 20 
Tci i6 {il C u ^ ^3D ^) ^ k $f ^ V ^ ffi N 2 5 I t % Sr 8 i T C u * SSllP L fc «^ C j3 

Lfc (^1 8^P|) 0 
[ 0 0 5 7 ] 

ru IE ft 1 B K - ft 1 8 SB m \z as It £ » * *6 « * ft « » ft «■ » <a » 3ft ffifc *3 ^ t I* , * <D 

9 N 3^Hl:45BiiSJb5 c r CO £ , ft l 9 « 91 Id ^ T tt , iigft-tStt^tf* 
i-^/c^^»^^^^H#^^L/cIt^^ft^^^mft«^a5tt^ Ltffll^: i £ Lfcc 30 
[ 0 0 5 8 ] 

ft S3 , #| x. « * 5 ^ h 17 y v- * k L T ffl V> 5 » Jd S3 T tt , Rf^t^T*^fV^^^^c^f$: ( 

iabT^^^^i-^^&SoJ:t> + /^fc:(ifij|E»^^^fr^_b, T B «5 i*n 36* — * £ <£> 
rtllB#«»***ft5J: 5 4»«o»*tELt»»**t8*ft#ff*U< (ft2 0 

ffi^^^^^$^^J : 5ft^^^s^^iabT«^^^r5^&^c*3v^T^^, 1$ 
» m ?l ?r m ie * & #= *s <t / * >t « x & t k it 6 ^ t sssi^ ( ft 2 1 » 9§ ) . 40 

* <£> BS * <£> © * m ft tt -t © ^ v K y V ^ 3fi * ^ ^ tf ft if Id It x. Z> X o -f Z> it #> , 
1" 5 fc ^ , »2 68Wl:fc^tli, fig o V K V V ^ S i: ^ u ^ & m <o *D JE * ^ 

^ » ft »s is « - & ^ * s i 5 id , m&(ommmkt£Z>y ^^i^iisiesi 

»»oa*ft*|:»lt 2 0 - 3 5 *«% (2. 5-5Sft%) gS(I#<I^L, 

S^t^S^»SO^«tt^H^§ 2 mmS^T(-ige LtS, 0. 4-3. 5 t 

o n / c m 2 ^(SJEA-CJPffiriiJKU, Jfifttt^&a^l^B^i-SttttfcjftttflcrtlClft^L 50 



JP 2004-21 1 132 A 2004. 7. 29 



i o T . fte«^«poS5±«5 5^ **H lcJ:S»ii«**rB&JkLfcj&*&1ltrie 

*ftt*iV^ri±, ^rW^#EW;as^#<^5l- : BeoT, mfa & &f \z & Z x ±. ^ 
K45f:fcl^ 2 7 % {d *5 T (4 , t C ^ H A» ?, © ft It iSf | t ^ § J; J C % 

g It 5 C i i: i o T > *teS^^o^^HCii«>^J:SI»ix4<:»«:BJ5Jh-i-5»jS*jifeSrW 
it Ufc. * it £ 6 , ^^Ig-g-^fifeirLTte, i««*<OCr, A 1 *ttt5w 10 
, - 3 OtHTOAX^Xflgt L< it 1 to r rHTOl^Sl 

sn-ffligi^iiffJK, i>o3XF«4«jg«>btt, S6«fgS£'«<B}&*iiiagi:::}8^ 

TI&**6#*&*gfflSll*t*s|-8B{fc«:l 0 0 t o r r « ± <£> N 2 if C^^ftfll C ± o Tft AH 

fM \t -f 5 r t & & £ L ^ r. £ (4 §? (b a» t? & 5 . 

[ 0 0 5 9 ] 

ffiiifllffiS jiivifflf, 31 2 2 3§ UH- *5 v T 14 , ^ 9 * V V y * <r> ~m <o wtw M * XZ \£ 

m — mf£<offimmmifcmm&ifemmwnfrbmi$.L. ^ <n - m <n <p r$ m ^ ^ cd m & m & m 

Its: ttSfilBf «ft^iiiSS»S^^tt^MlUt„ 

[ 0 0 6 0 ] 

$ fc , 3 % 0J tc *J ^ T (4 , i^HS:a«roT*g#, ± It , T -f K7, 

©t>f ro7n-f-< v'-yvcif ^ ft5 : i: £ # It* i: L, 3? 2 2 IS (^ [' *3 

V T f4 , S^^Wro^^aiS^SBfoH^ffi £ tl -5 * 7 * V V y v- -y [d Jg ffl £ tb -5 r t 

»i:ft««^«±V»f LTftfii fttit Ltc 0 
[0 0 6 1] 

mifl] 

[ 0 0 6 2 ] 

( §H iS #J 1 ; ^ flt ^ * h * ) 
* 31 #J T* 14 . g 1 C^^ilSiaKiilC r ftBS^a^ffl^r, ftAMciotJg^^ 



[ 0 0 6 3 ] 
I* 1 ] 





No. 


C 


Si 


Mn 


Cr 


Mo 


V 




SKD1 


A1 


2.02 


0.3 


0.43 


12.48 








SKD11 


A2 


1.54 


0.2 


0.35 


11.32 


0.91 


0.28 




RH12 


A3 


0.96 


0.49 


0.53 


12.93 








RH40 


A4 


0.62 


0.29 


0.4 


13.33 








SUS57 


A5 


1.07 


0.47 


0.51 


15.88 


0.51 




0.1 7Ni 


SKD12 


A6 


0.97 


0.38 


0.88 


4.97 


0.9 


0.29 




10Cr 3 Mn 


A7 


1.75 


0.33 


3.6 


10.53 








6Cr 7 Mn 


A8 


1.87 


0.33 


6.93 


6.2 









[ 0 0 6 4 ] 
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o r ft H 8! & ft J: 5 K: , Sfit-^ft-f h« fiftAftlft 5 i 

If JB L , l l 0 0tHioi«^?)OjS!Aixiaot6 0fti%J^iHlt5 J: 5 ft 9 
(I 1 #S) , B! * W ^ tt , »St-^^t^h*6 0#J»%K±|Cfe^T, HRC5 0 
K±o«**s»fenft<ft*A*tt*sjK<fta-i:ASfo^5 ( H 2 # fig ) . £ b , ft 

5 o % ^ x m j& ^ ^ > ^ hft i^f ft ^ © « ffi a* n 3f ^ a ft -r 5 fc d , mm 

ft S**rfcj8* 6 0 ffi%^±(DSf t-^f t-f M=B^#4f 10 

3»«*- ^ > a #«s J; 0 SSftft * * 6 » fc, »*#6tt<& 

A la v> t * ft a* s * & ft 5 r # to a> o fc 0 

[ 0 0 6 5 ] 

Lt^ot> ^ *S «. ft S: 1 1 0 0- 1 2 5 0 °C t "1" <5 ^ ft ^ ^ 1^ Si W V ^ T (i 

, -t©sgtta*^bi!SEAftbfc»-&^tt, 6 o^s%j^-h^^@^-^^^-^ hffi^a® 

S*5r t#nii45©T?, ffi ffi m *3 U> T 9 0 0 ~ 1 1 0 OttDiAtllSCIFft 

l/:t^iAix^ r t j6s a * iv^: t & to 6 0 

[ 0 0 6 6 ] 

( H IS #J 2 ;Bm«tt^^^^lSWW^^^m«t-^tt^¥«ffijS^i3S) 

* HJfe 0iJ , Fe-0. 6fi*%C-0. 3 « fi % S i - 0 . 45S4%Mn-15S 20 
4 % C r - 3 M * % M o - 1 . 2SS%V^^*fr*£, F e - 0 . 6 £ fi % C - 0 . 3 £ 

* % S i - 0 . 3 5a*%Mn-9S4%Cr-6fi*%Mo--4S*%W-l. 2 MM 
0 /oV^4»*^^-^CLT, £fbt-> #350T^^— £ONi, Co, Si, F e A 1 

, F e Pt»*^J:t;f^g6 /im(Dll&e*^ilLT, I 2 (I/T ^ tl ^ 3 W^ftiS^ 

!7yM*Saij!:t)Oirl. 0 Fy/cm 2 (OH^T^i/^lfafcA, B mj&cnf&M 

* £ 1 1 9 0 °C , Cm^(7)^^^^1 135 0 Cr^ft^ft2^^X^^^L, 1000 °C 
^ * b tft , 4 0 0 t o r r<oa*;tf;*T»}frft«Aftfc3llfcL. *^«EJ»frK»>T-«r 

[ 0 0 6 7 ] 

i* 2 ] 

EPMA»«fffl»tt**liBK(wtX) 





C 


Si 


AJ 


Mn 


Cr 


Mo 


V 


W 


Ni 


Go 


P 


A 


3 


0.6 


0.7 


0.4 


15 


3 


1.3 




2 


3 


0.25 


B 


3 


0.6 




0.4 


15 


3 


1.5 




4 




0.25 


C 


3 


0.6 




0.2 


9 


6 


2 


4 


4 




0.3 



[* 3 ] 
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«tt2/-JU0)EPMA»*f tt* (wt%) 





No. 




C 


Si 


A) 


Cr 


Mo 


V 


W 


Ni 


Co 


PM15Cr3Mo3Co 


A 


ms 


0.4 


0.8 


0.9 


6.2 


2.1 


0.27 




2.1 


4 


M7C3 


8.45 


0.04 


0.02 


40 


4.9 


4.7 




0.2 


0.9 


KM 7 




0.05 


0.02 


6.45 


2.33 


17.41 




0.10 


0.23 


PM15Cr3Mo4Ni 


B 




0.43 


0.86 




7.12 


2.16 


0.34 




5.2 




M 7 C 3 


8.42 


0.03 




39.9 


4.96 


4.67 




0.36 




KM 7 




0.03 




5.60 


2.30 


13.74 




0.07 




PM9Cr6Mo4W 


C 


Sffi 


0.44 


0.85 




4.27 


1.52 


0.37 


1.23 


5.33 


4.96 


M 7 C 3 


7.61 


0.04 




27.7 


3.72 


6.79 


3.61 


.49 


1.2 


KM 7 




0.05 




6.49 


2.45 


18.35 


2.93 


0.09 


0.24 


M 6 C 


1.85 


2.02 




4.08 


30.3 


2.1 


28.4 


2.11 


2.46 


KM 6 




2.38 




0.96 


19.93 


5.68 


23.09 


0.40 


0.50 



10 



[ 0 0 6 8 ] 

ftuiE^^^^A, B fl , fi C r /H 5 C r - 3 Mo I^^C 3 Ii%(DC o 4 11%© 

n i ^iioit^&tfc^ >v t yf hm^^cr 7 c 3 fflftffc«eo#as3pwi-sfc 

^t$)5o m^^& C fi , Mo, W }g * £ K T , T^fVf ^ fflf CC r 7 

c 3 mfclk®) kM 6 cl«ffc«iS¥St5i5l:lfctot*5, 

[ 0 0 6 9 ] 20 

S3^fffi, M 7 C 3 fc^U'Me C«|^tt-l:ix-e*L(O^A7c*»ft*:*LT*3!9; KM 
7 ttM 7 C 3 ®jRte»fc*ffilB<0^&7G*M©#K«* (M 7 C 3 aU»-ffc«"fO-frA5c* 
£ft%/^fB*<a^&7cifi«ft 0 /o) jsit/KMg ft M 6 CSjK-fbfti:fl:ffllB©'frA5c*<o 

r t ft -e * a o 

[ 0 0 7 0 ] 

£ fc , r^i^Wg*^ffiV>T, M 7 C 3 Sfe J: WM B CSjRffc«*<0^&5n*»«i:**L 
t 5 F*i"5fl:ffl<^*(O^Ax:5B»*Ba«^ia4 (a) , 0 4 (b) [C^llf tl^^^t^ 

5o :©B^6, # 5c * BB U r «: »a fS — S©jt*-C^45c*^»ESn5 r t % S3 <fc Xf 30 

. ^m^m n ufttiLtfi &m * o x v> fc ^ *s v> -c t #e«**a k is h c 5 

r. t a* fc> a> 5 o 

[ 0 0 7 1 ] 

s i , a 1 m 7 c 3 ® jK it m t- is t h a m » it -r ^ ia ^ ft * s ^ ^ > 4 v 

®:1®tt*\zmmi-ZZk, VliM 7 C 3 IKftl^OCr, Mo, W J; t)#< uta : 
t , Mo, W tt M 7 C 3 i«ftftinM 6 ClSft»CR»|:i«t5^J:, Ni, C 

[ 0 0 7 2 ] 

3 o W « » t- tt , tn&OMftWT/l'fyf ^ hftfttt, Cr : 3. 5 ~ 7 . 5 fi ft % 
3B £ £ ft , Mo : 0. 8-1. 5 m ft % *5 «fc I>* / ^ fc « W : 1-4. 5fift%S:S*ffifi5c 
i It, fcfcmmt LtttSKD*ftK*3^tttO'-2 0 ($9% (Dgf t^f ^ C r 7 C 
3 ®^te«&£»*OMC ( V 4 C 3 ) a it m , SKHK*f|:j3V^tliO-l 5 ffc ij» % CO 

[ 0 0 7 3 ] 
[14] 
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c 


Si 


Mn 


Gr 


Mo 


W 


V 


Co 


Cr 7 C 3 


M 6 C 


MC 


SKD1 




2.1 


0.35 


0.52 


12.9 










18% 








0.7 


0.43 




6.6 
















SKD2 




2.08 


0.32 


0.53 


12.7 




2.7 






17% 








0.7 


0.4 




6.5 




2.1 












SKD1 1 




1.46 


0.37 


0.44 


11.8 


0.95 




0.31 


3.48 


12% 






mm& 


0.5 






7.4 


0.8 




0.14 


3.8 








D7 




2.25 


0.31 


0.41 


12.4 


1.07 




4 




19% 




1.60% 




0.5 


0.4 




6.3 


0.82 




0.7 










SKD12 




0.99 


0.29 


0.68 


4.7 


0.89 




0.39 




5% 






m%m& 


0.7 


0.3 




3.8 


0.8 




0.25 










SKD61 




0.38 


1.02 


0.39 


4.8 


1.2 




0.89 




0% 






mm& 


0.38 


1.02 




4.8 


1.2 




0.7 










SKD62 




0.37 


1.01 


0.36 


4.9 


1.11 


1.09 


0.34 




0% 






mmi& 


0.37 


1.01 


0.36 


4.9 


1.11 


1.09 


0.34 










SKH2 




0.73 


0.2 


0.41 


4.21 


0 


18.6 


1 






15% 






0.5 


0.16 




4.3 


0 


4.3 


0.6 










SKH9 




0.89 


0.26 


0.42 


4.49 


4.73 


6.72 


2.5 






12% 


1.30% 




0.5 


0.21 




4.5 


1.45 


1.8 


0.7 











&f£)Cr 7 C 3 ^<t^:8.5mS%C, M e Ctft<tfe):2SS%C. MCjstffc^ : 15MM%C 
[ 0 0 7 4 ] 

4 fc , SKD6 1, 6 2 fi S i ^ 0 . 8—1. 2 S * % ft ffl T* ffii JP L X V> 5 - t & ft W" fi 
, t©tt!Si//Jf©SKD, S KHifttSV^TliS i RlPtirO, 5 fi * % £A T <£ < 

[ 0 0 7 5 ] 

* £ * #1 J* © fc 05 a* » 4 U V> r £ 91 a> -C fe «9 , »E*2*?S-*1 0 % m "C tt * 2c 
, Mo, Si, V»trliKE^t« r iKiot»l!L(ltfttttttt«ri]Eftt5t01? 

^ o 

[ 0 0 7 6 ] 

* 5 let*, 1 L/clif ftft^ftfijf Bftfi^ ^(D]:bgS0^^ LtflJi Lfc^ 
[ 0 0 7 7 ] 

[is] 
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c 


Si 


Mn 


Cr 


Mo 


W 


v 


Ni 


Co 


Al 


Cu 


p 


40 




No.1 


WTHTOJVC 


0.5 


1.7 




5.5 




o 


0.2 


2.5 


o 


o 




0.2 




3.70 


1.03 




16.50 


1.60 


0.00 


1.16 


1.60 


0.00 


0.00 






25 




No.2 




0.5 


1.7 




5.5 


1 


o 


0.2 


q 


0 






0.2 


ZiHM to ax. 


2.50 


1.28 




12.38 


1.38 


0.00 


0.80 


0.00 


0.00 








30 




No.3 


I^f BTOAX. 


0.5 


0.4 




5 


2 




0.2 


2 5 


o 






fi 9 


4131 ±± &B dr 

MhW tow. 


2.90 


0.28 




15.00 


2.90 


0.00 


0.92 


1.83 


0.00 








30 




No.4 


mtn^a d> 
T^TBTOAX, 


0.5 


0.4 




0 


2 


o 


0 2 


9 S 

z.o 


r; 

o 






n 9 

u.z. 




2.90 


0.28 




15.00 


2.90 


0.00 


0.92 


1 .83 


3.85 








30 




No.5 




0.5 


0.4 






9 
Z 


o 


n 9 

U.Z 


R 
yj 


u 






n 9 

U.£ 


toa£ 


2.90 


0.28 




15.00 


2.90 


0.00 
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